We present measurements on gauge boson production from data taken during 1994-1996 by the D and CDF detectors: the di erential production cross section of the W boson as a function of the transverse momentum 1,2 , the ratio of W and Z di erential cross sections 3,4 , direct photon cross-sections at p s =630 and 1800 GeV 5,6 , and studies of Drell-Yan production 7,8 . All measurements are in good agreement with currently available theoretical predictions in most of the measured kinematic range. Fig. 1 , where the data are compared to the combined QCD perturbative and resummed calculation in b-space, computed with published values of the non-perturbative parameters 10 . The error bars on the data points correspond to their statistical uncertainties. The fractional systematic uncertainty is shown as a band in the lower portion of the plot, and accounts for the errors in the hadronic energy scale and resolution, the selection e ciency, and the background. An additional normalization uncertainty o f 4:4 from the integrated luminosity i s not included in any of the plots.
The W boson Di erential Production
Cross Section 2 , which are related to the presence of soft and collinear gluon radiation. Therefore, at su ciently small p W T , xed-order perturbation theory breaks down and the logarithms must be resummed. The resummation can be carried out in transverse momentum p T space or in impact parameter b space via a Fourier transform. Di erences between the two formalisms are discussed in Ref. 9 .
Although resummation extends the perturba- Fig. 1 , where the data are compared to the combined QCD perturbative and resummed calculation in b-space, computed with published values of the non-perturbative parameters 10 . The error bars on the data points correspond to their statistical uncertainties. The fractional systematic uncertainty is shown as a band in the lower portion of the plot, and accounts for the errors in the hadronic energy scale and resolution, the selection e ciency, and the background. An additional normalization uncertainty o f 4:4 from the integrated luminosity i s not included in any of the plots. Within the framework of Quantum Chromodynamics QCD, isolated single photons are direct photons: produced from the primary partonparton interactions. A measurement of thenal state photons provides a probe of QCD without additional complications from fragmentation and jet identi cation, providing a powerful and e ective means for studying the constituents of hadronic matter.
Previous experiments, at center-of-mass energies of both 630 GeV 16 and 1800 GeV 17,18 , have reported photon production in excess of next-to-leading-order NLO QCD predictions at low transverse energies E T 30 GeV. This disagreement with data could result from gluon radiation not included in NLO calculations or because the parton distributions are not well known. We present a measurement 5 of the ratio of isolated photon cross sections at di erent centerof-mass energies, 630 and 1800 GeV by the D experiment. The systematic uncertainty and the sensitivity to the choice of parton distribution functions PDF are signi cantly reduced in the ratio. Photon candidates are required to have calorimeter shower characteristics consistent with that of a single electron, and must not have a track m a t c h in the drift chamber.
In the simple parton model, the dimensionless cross section E 4 T E d 3 dp 3 , as a function of The probability of agreement from a 2 test between data and theory is 49 89 in the CC EC region. The deviations at low x T are not signi cant in light of our combined statistical and systematic uncertainties, and there exists good agreement b e t ween the measured ratio and theory. CDF has measured 6 the cross sections d 2 =dP T d for production of isolated direct photons at two c e n ter of mass energies 1800 and 630 GeV. Figure 5 shows these results as a function of the scaling variable x T . One observes a significant disagreement in the ratio that is di cult to explain with conventional theoretical uncertainties such as scale dependence and parton distribution functions. However, one possibility for the observed discrepancy with NLO QCD is the lack of a complete description of the initial state parton shower in the NLO QCD calculation, which could give a recoil e ect to the photon+jet system k T . To test this hypothesis, a simpli ed gaussian smearing was added to the NLO QCD calculation, giving the photon+jet system a transverse momentum recoil consistent with that measured in the Drell-Yan process at each c e n t e r o f m a s s e nergy. The comparisons of the prediction with the measured ratio are signi cantly improved with the addition of these amounts of k T . Higher order QCD calculations including such e ect are becomming available 21 , but are not ready for detailed comparisons at this time. In addition, we h a ve measured 8 d =dy over nearly the entire kinematic region of rapidity for e + e , pairs in both the Z-boson mass region, and the high mass mass region of M ee 116 GeV=c 2 .
Previous measurements were performed in the central rapidity production region, and a model dependent extrapolation to the forward rapidity region was needed to extract the total cross section for hard processes such as top quark and W or Z boson production. Fig. 7 shows the measured d =dy distribution for e + e , pairs in the Z boson mass window o f 6 6 M ee 116 GeV=c 2 .
The theoretical expectation is consistent with the measurement. such as the W mass. Run 2 has started and we expect 2 fb , 1 of data by year 2003. The much larger number of gauge bosons will allow u s t o r educe systematics in both the measurements and the predictions. We will also be able to reduce uncertainties in the direct photon cross sections dominated by the photon purity of the sample, as well as to extend the kinematic range of the measurement.
